Background: Standardized methodologies for assessing economic burden of injury at the national or international level do not exist. Objective: To measure national incidence, medical costs, and productivity losses of medically treated injuries using the most recent data available in the United States, as a case study for similarly developed countries undertaking economic burden analyses. Method: The authors combined several data sets to estimate the incidence of fatal and non-fatal injuries in 2000. They computed unit medical and productivity costs and multiplied these costs by corresponding incidence estimates to yield total lifetime costs of injuries occurring in 2000. Main outcome measures: Incidence, medical costs, productivity losses, and total costs for injuries stratified by age group, sex, and mechanism. Results: More than 50 million Americans experienced a medically treated injury in 2000, resulting in lifetime costs of $406 billion; $80 billion for medical treatment and $326 billion for lost productivity. Males had a 20% higher rate of injury than females. Injuries resulting from falls or being struck by/against an object accounted for more than 44% of injuries. The rate of medically treated injuries declined by 15% from 1985 to 2000 in the US. For those aged 0-44, the incidence rate of injuries declined by more than 20%; while persons aged 75 and older experienced a 20% increase. Conclusions: These national burden estimates provide unequivocal evidence of the large health and financial burden of injuries. This study can serve as a template for other countries or be used in intercountry comparisons.
A ccording to the World Health Organization (WHO), injuries are a leading cause of the global burden of death and disability for all age groups below age 60. 1 Injuries adversely affect the health and welfare of all people, regardless of country of origin or economic status, through premature death, disability, medical costs, and lost productivity. Estimating the magnitude of this burden is critical both for assessing the relative burden of injuries compared with other preventable health problems within a population, and for determining the appropriate level of national investment for specific injury prevention activities. The effort to monetize the national burden of injuries is an important first step in understanding the burden that injuries place on society, and for comparing national burden estimates between countries.
Few guidelines exist at a national [2] [3] [4] or international level for conducting analyses to assess economic burden, although the WHO is leading a global effort in this area for violence (personal communication, Alexander Butchart, WHO, 2006) . Thus, economic burden estimates are non-comparable across time within and between countries. Sources of non-comparability include methods used, annual versus lifetime cost approaches, and availability of epidemiologic and cost data.
The analyses reported herein update national injury burden estimates in the United States. They also serve as a case study for similarly developed countries undertaking economic burden analyses. We estimate the incidence, lifetime medical costs, and value of lost productivity (due to morbidity and mortality) across multiple strata (for example, age, sex, mechanism) for medically treated injuries that occurred in 2000. Because our incidence and medical cost estimates use methods similar to those employed in a previous economic burden report, 5 we are able to examine how the relative burden of injuries has shifted in the US since 1985. Our methods can serve as a template for other countries undertaking a similar burden analysis and our estimates can be used in intercountry comparisons.
DATA AND METHODS
We define injuries using the following International Classification of Diseases (ICD) 9th Edition, Clinical Modification diagnosis codes: 800-909.2, 909.4, 909.9, 910-994.9, 995.5-995.59, and 995.80-995.85.* Diagnoses 905-909 (late effects of injury) and 958 (certain early complications of trauma) are excluded, as is cumulative trauma. Using this definition, injury incidence counts and rates are presented for three mutually exclusive categories that reflect injury severity: (1) injuries resulting in death, including deaths occurring within and outside a healthcare setting; (2) injuries resulting in hospitalization with survival to discharge; and (3) injuries that receive medical attention without hospitalization. The latter category includes injuries resulting in an emergency department visit, an office based visit, or a hospital outpatient visit. We sum unduplicated injuries across treatment settings to quantify total injuries. Injuries that are not medically attended are excluded from this analysis.
We use a societal perspective to report the incidence and lifetime costs for injuries stratified by age group, sex, and mechanism. Table 1 lists the ICD codes used to define mechanisms. Finkelstein et al 6 fully describe the methods used to conduct this analysis, which we summarize here.
Incidence
All data were taken from a variety of national, state, and other published sources. Fatal injury counts were taken from the 2000 National Vital Statistics System (NVSS) data, which include a census of fatalities in the United States.
We estimated the incidence of non-fatal injuries that resulted in medical treatment without hospitalization or emergency department (ED) treatment from the 1999 Medical Expenditure Panel Survey (MEPS), which is a survey of the civilian, non-institutionalized population. Because the MEPS sample size for non-fatal hospitalized and ED treated injuries is small, we estimated the incidence of these injuries using other sources with much larger samples. We used the 2000 Healthcare Cost and Utilization Project-Nationwide Inpatient Sample (HCUP-NIS) for counts of hospitalized injuries. The HCUP-NIS provides discharge abstracts on 7.45 million inpatient stays. We counted records that indicated a live discharge and an injury diagnosis in any of the first three diagnosis fields.
We estimated the incidence of injuries treated in the ED from the 2001 National Electronic Injury Surveillance System -All Injury Program (NEISS-AIP). (Note: 2001 is the first complete year of NEISS data collection.) MEPS, HCUP-NIS, and NEISS-AIP include weights which we applied to generate nationally representative estimates. These data let us include only medically treated injuries in this analysis. However, musculoskeletal injuries are the most frequently reported occupational injuries. 7 To the extent that these musculoskeletal injuries and other injuries are not medically treated, we excluded them.
For the denominator of the incidence rates, we used population counts from the 1999 MEPS. Although we use a mix of data from 1999 through 2001, we assume the incidence of injuries did not differ over this period and report injuries as if for a single year, 2000.
Costs
We computed unit costs for medical and productivity loss injuries by the same strata identified for incidence, separately for fatal and non-fatal injuries, and multiplied these costs by corresponding incidence estimates to yield total costs. We converted all costs to year 2000 dollars using the relevant component of the Consumer Price Index (CPI). 8 All future costs were converted to present value using a 3% discount rate.
Medical costs
For fatalities, we computed medical costs separately for five places of death identified in the 2000 NVSS data: death-onscene/at home, death-on-arrival to the hospital, death at the ED, death at the hospital after inpatient admission, and death at a nursing home. Depending on place of death, the medical costs incurred might include coroner/medical examiner (C/ME), medical transport, ED, inpatient hospital, or nursing home.
We used MEPS data to quantify medical costs for nonhospitalized injuries. For hospitalized injuries, because of the small sample size of admitted injuries in MEPS, we primarily relied on other data sources. We used HCUP-NIS data and cost-to-charge ratios from the Agency for Healthcare Research and Quality to compute inpatient facility costs. We then used Medstat's Marketscan data to quantify nonfacility costs incurred during an inpatient admission.
Most injuries that require a hospitalization will also require additional treatment after discharge. To develop estimates of short to medium term medical costs for injuries requiring an inpatient admission, we multiplied total inpatient costs derived from the HCUP-NIS/Marketscan data by the ratio of all costs during the first 18 months of injury, on average, to the total inpatient costs for that kind of injury. We derived these ratios from 1996 to 1999 MEPS data. The ratio of total costs to inpatient costs was roughly 1.35 and ranged between 1.02 and 2.13, depending on the type of injury.
We used an identical strategy to Rice et al 5 for estimating long term medical costs (18+ months). We used multipliers derived from longitudinal 1979-88 detailed claim information (DCI) data on 463 174 workers' compensation claims. The DCI file was unique and nothing similar has subsequently become available. This method implicitly assumes that while treatment costs vary over time, the ratio of 18 month costs to total lifetime costs has remained constant between the time the DCI data were reported and 2000. Average multipliers were 1.30 and 1.14 to estimate total medical costs for admitted and non-admitted cases, respectively. 
Productivity losses
We quantify temporary or short term work loss for non-fatal injuries using the approach presented by Lawrence et al, 9 where the probability of an injury that resulted in lost workdays was combined with the mean workdays lost (conditional on having missed at least one day) per injury estimated. Averaged across all injuries, estimated temporary work loss was 11.1 days per injury. We computed work loss durations for injuries separately for admitted and nonadmitted cases for each age category, sex, and mechanism.
To apply a monetary value to temporary work loss, we multiplied estimated work loss days by the average daily wage and fringe benefit costs stratified by age group and sex from the Current Population Survey. Following numerous other studies, [9] [10] [11] we relied on survey data that showed household work is lost on 90% of days that wage work is lost to injury. Using this ratio and the value of household work, 12 we also imputed a value for household work lost.
To compute productivity loss due to permanent or long term disability, we considered permanent total disability and permanent partial disability separately. For death and other permanent total disability, we multiplied the present value of age and sex specific lifetime earnings and household production 12 by the probability of permanent disability for each type of injury. For permanent partial disability, we multiplied the earnings estimate by the probability of permanent partial disability and an additional factor that identified the percentage of disability that resulted from that type of injury. We then summed the results to compute the net productivity loss associated with permanent disability, including total and partial disability. The probabilities of permanent and partial disability and the percent disabled (by body part and nature of injury) were computed from DCI data by Lawrence et al. 9 Application of these estimates to our analysis assumes that these probabilities are the same for injuries that do and do not occur on-the-job and that they have not changed significantly over time. Averaged across all injuries, our estimated percentage of lifetime productivity potential lost due to injury was 0.26% per injury.
RESULTS
In 2000, Americans suffered more than 50 million medically treated injuries. This equates to about 20 injuries per 100 males and 17 injuries per 100 females. Nearly 150 000 (or 0.3%) injuries were fatal. The total lifetime cost of injuries occurring in 2000 was approximately $406 billion; $80 billion for medical treatment and $326 billion for lost productivity. Table 2 displays incidence counts and rates (per 100 000 persons) and total lifetime cost of injuries by age category and sex. Table 2 shows that for males, 92% of injuries occur among those younger than age 65 and 76% occur among those younger than age 45. The greatest rate of injuries-27 per 100 males-occurs among males ages 15-24. For females, the injury trend by age group is different. Although 85% of injuries occur among females younger than age 65, with 65% occurring among those younger than age 45, the greatest rate of injuries occurs among females older than age 75 (24 injuries per 100 females).
Overall, the rate of injury is 20% higher among males than it is among females; however, the rate differs by age group. Males younger than age 24 are more than 30% more likely to suffer an injury than females of the same age group. In contrast, females older than age 75 are about 40% more likely to suffer an injury than their male counterparts.
The overall incidence rate of fatal injuries among males is 77 per 100 000 males, which is more than 2.4 times greater than the rate of fatal injuries among females (32 per 100 000). Males older than age 65 represent only 10% of the US male population, yet this age group sustains 20% of all fatal injuries. Similarly, males older than age 75 represent 4% of the US male population, but account for 13% of fatal injuries. For all age groups of females younger than age 75, the rate of fatal injuries is below 40 per 100 000; for females older than age 75, however, the rate of fatal injuries increases to 148 per 100 000.
In total, medical and productivity losses resulting from injuries in 2000 exceed $400 billion, with 80% of the total resulting from lost productivity. People aged 25-44 (30% of the American population) account for 44% of injury attributable productivity losses; and those older than age 75 (5% of the American population) account for only 2% of injury attributable productivity losses. The incidence of medically treated injuries captured in this analysis is almost evenly distributed between males and females. Males represent less than 50% of the American population, yet they account for about 70% ($283 billion) of the total cost of injuries. This cost disparity between males and females primarily results from the higher rate of fatal injuries among males and the subsequent higher productivity losses. Additionally, because males, on average, receive higher wages than females, the value of lost productivity that results from a given injury is higher. In contrast, when focusing specifically on injury attributable medical spending, males account for 55% of the total. Table 3 shows that overall, falls, struck by/against, and other/unclassified injuries accounted for more than 75% of injuries, and MV injuries accounted for an additional 10% of injuries. Although fire/burn, poisoning, drowning/submersion, and firearm/gunshot injuries are comparatively rare, these injuries are far more likely to be fatal than those caused by other mechanisms.
The rate of injuries among males is higher than that among females for every mechanism but falls: females are roughly 16% more likely than males to suffer a fall related injury. This is primarily driven by a high rate of fall related injuries among elderly females (results not shown). In contrast, males are roughly nine times more likely than females to suffer a firearm/gunshot injury and roughly twice as likely than females to suffer a drowning/submersion, cut/pierce, or struck by/against injury.
Combined, MV injuries ($89 billion) and fall injuries ($81 billion) account for more than 40% of the total costs of injuries. The distribution of total costs between medical treatment and lost productivity for these two mechanisms, however, differs considerably: 84% of the total costs of MV injuries result from lost productivity, whereas 67% of the total costs of fall injuries result from lost productivity.
Comparison of 1985 and 2000 incidence rates
The rate of medically treated injuries in the United States in 1985 was 21 330 per 100 000 persons. 5 We estimate that in 2000, this rate was 18 135 per 100 000 people, a reduction of about 15% unadjusted for age.À Figure 1 compares the incidence rates, by age category, estimated for 1985 and 2000. For those aged 0-44, the incidence rate of injuries declined by more than 20% from 1985 to 2000. In contrast, the incidence rate of injuries among those older than age 45 increased, with people aged 75 and older experiencing a 20% increase. Figure 2 compares the rate of injuries per 100 000 people in 1985 and 2000 for five categories of mechanisms, showing a decline in the rate of injuries since 1985 for all mechanisms. Firearm/gunshot and fire/burn injuries each decreased by À In the original report, the estimate included injuries that resulted in lost workdays and/or bed days, but without medical treatment. Using data provided by authors of that report, we reduced their estimate to focus on injuries that received medical treatment, allowing us to fairly compare both estimates. *Injuries categorized as ''other/unclassified'' resulted from varied mechanisms: for fatal injuries, these other mechanisms primarily resulted from inhalation/suffocation (8%) and unspecified (8%); for hospitalized injuries, these other mechanisms primarily resulted from unspecified mechanisms (5%), overexertion (2%), and other transport (2%); for less severe non-hospitalized injuries, these other mechanisms primarily resulted from overexertion (11%), bite/sting (7%), and other transport (2%).
more than 50%. Poisoning, falls, and MV/other road user injuries decreased by 29%, 9%, and 6%, respectively. Table 4 shows the incidence rate of injuries by age, sex, and selected mechanism for 1985 and 2000. For MV/other road user injuries among males, rates declined only marginally for all age groups except those aged 0-14 years of age. For males aged 5-14 years, the rate of MV/other road user injuries nearly doubled from 1985 (957 per 100 000) to 2000 (1733 per 100 000). For MV/other road user injuries among females, no consistent patterns of increase or decline emerged across age groups, although the greatest rate of decline occurred among females aged 75 years and older (from 1807 per 100 000 in 1985 to 837 per 100 000 in 2000).
For falls, the rate of injuries decreased for males in every age category; similarly, rates decreased for females up to age 45. But among older females (aged 75 years and older) the fall related injury rate more than doubled from 1985 (6576 per 100 000) to 2000 (14 104 per 100 000). For firearms, the rate of injuries decreased from 1985 to 2000 for females in every age category and for males aged 15 years and older. For poisoning, the rate of injuries marginally declined from 1985 to 2000 for most gender/age categories, with the exception of females aged 15-24 years (where the rate increased fivefold) and females aged 65-74 years (where the rate increased twofold).
While the overall incidence of injuries declined 15% from 1985 to 2000, the total medical costs of injuries (in real dollars) declined roughly 20%. The decrease in cost, although driven in large part by the decrease in injury incidence, may also be the result of advances in trauma care, a shift toward managed care, and successful injury prevention efforts that minimize the harm resulting from injuries (for example, safety belts, helmets). 
DISCUSSION
The methodology for estimating national economic burden of injury presented in this analysis may be applied to other countries, recognizing the following caveats in our approach and in our data. First, a single data source for calculating these estimates does not exist. Consequently, we were forced to use myriad data sources, each with limitations. Some sources were old, others were based on non-nationally representative samples, and all were subject to reporting and measurement error. These limitations not only increase the lack of precision around the estimates, but may result in additional bias. Second, injuries treated by mental health professionals, chiropractors, acupuncturists, and alternative medicine providers may not be included in the data or, if included, may not be coded with an injury diagnosis. As a result, our estimates would exclude these cases, along with other types of injuries (for example, musculoskeletal injuries reported by workers 7 ) that, although potentially severe, did not receive medical treatment or had other non-injury related sequelae (for example, chronic diseases, depression and anxiety disorders, sexually transmitted diseases, and increased health risk behaviors such as smoking or alcohol and substance abuse). The net effect of excluding these cases may be substantial. For example, a survey of mental health providers 13 estimated that 3.4 million physical and sexual assaults resulted in mental health treatment, often without treatment in other medical settings. These treatment episodes are unlikely to be coded as injury related.
Productivity loss estimates, which rely upon a ''human capital'' approach, undervalue injuries to children, women, and the elderly because these groups either have no salary or earn lower wages. This effect may be even more pronounced in countries which are less economically developed than the US. The human capital approach also places lower values on the work of full time homemakers than on the work of people participating in the labor market, which might further depress the value placed on women's productivity losses relative to men's productivity losses.
The costs included in this analysis focus exclusively on medical and productivity costs for medically treated injuries only, and exclude other resource costs (for example, police services, caregiver time), costs for pain and suffering, 14 or other non-monetary costs that result from these or other non-medically treated injuries (such as reductions in functional capacity and quality of life). Despite the difficulty quantifying non-monetary outcomes (such as pain and suffering), excluding these outcomes would cause our total cost estimates to be substantially underestimated.
An additional limitation of both this paper and previous national estimates of injury burden 5 is the lack of standard errors. The estimates generated from both analyses rely on multiple data sources and algorithms which make estimating standard errors difficult. For a sensitivity analysis of the trends comparison, we computed standard errors around the estimates in figure 1 based on relative standard errors of age specific injury prevalence generated entirely from the MEPS data (results available upon request). Because the MEPS sample of roughly 25 000 individuals is smaller than many of the datasets used in the analyses and because MEPS captures all injuries that require medical attention, it provides a conservative estimate of the confidence of the age specific estimates. Using these relative standard errors, the estimates from the 1989 report are outside of the year 2000 confidence intervals for all age categories except ages 45-64. If MEPS relative standard errors are applied to both sets of prevalence estimates, the estimates remain statistically different for all age categories except ages 45-64 and ages 65-74.
Even with confidence intervals included, comparisons between these results and the 1985 estimates 5 require additional caveats. Different data sources were used for some of the analyses. Most current data sources capture better cost data and injury information than previously available, but some of the same sources collect different or less information than before. Finally, the cause for the change in incidence from 1985 to 2000 is unknown. The change may be due to real population based decreases in the incidence of injury, or the change may reflect changes in health seeking behavior, delivery, or access to care. With differing national healthcare delivery systems, intercountry comparison of injury burden across time is even more challenging.
Despite these limitations, the estimates reported above should be viewed as the best available estimates of injury incidence and costs in the US to date, and can serve as a template for other countries undertaking the same analyses or as a source for intercountry comparison of burden estimates. Future studies with better data will improve upon the methodology and results. These data provide unequivocal evidence that injuries create a large health and financial burden. Policy makers have the ability to influence this burden through mechanisms such as money, support, research, advocacy, legislation, and implementation of successful injury prevention programs. All strategies should be considered in efforts to reduce the burden that injuries impose on society.
N 18% of Americans were medically treated for injury. N Among age groups, treated injury rates ranged from 13.5% to 23.6%.
N Between 1985 and 2000, injury rates declined dramatically in the US among people under age 45 but rose substantially among the elderly.
N Falls and the interrelated category of being struck by or against objects accounted for more than 30% of injury costs, making them a strong prevention target.
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